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ULTRAGONIC RESFARCH IN THE USSR AND HUNGARY

Lecture delivered by Paoul Gregus at the meeting of the Debrecen gectlon of

the Rotvom Lorand Physical Soclety on 13 April 1951

[fhe author presents & very good survey of work performed in ultrasonic
repearcli, but much of the report seems to have heen token from Der Ultraschall
by Ludwiy Bergmann, trans lated into English under the title Ultrasonics and

Their Scientific and Technical Applications, published by Bu Ships, Navy De-

partment, as Nov Ships 900,167, However, the author ulso refers to some of his P
own rescurch, as well as recent trends in Soviet work.7
-

/w/(‘ g TN)

The cetastrophe of the Titanle gave rise to experimente for s
icebergs moving under the surface of watere At first, so-called sound organs of
various types were tuilt which emitted under-water sound signals from the bottoms

of the vessels and the echo reverberating from the icebezz was used to determine

el § O A,

the distance. The experiments falled, however, mainly ¢ the
sounds produced were too weak.

The problem remained dormant until Germany introduced subwaring warfars on
a large scale during the firet world war. The task was the same, namely, how to
discover the presence of an obJect under the surface of water from & great distarﬁe.
The navies of Britain and France grappled with the problem, but succeeded in solving
it only after the Russian Kilovslér (1) Joined in the effort.

Kilovsky'e theory was to reverse the plezo-electric effect discovered by the
Curies in 1880 to produce high-frequency ultrasonic emtg;ié-;ls. and in cooperation
with the Frenc}i”Langevin he laid the foundation of & method which has been the basils
of all equipments used for this purpose up to the present. Kilovskj died during the
war and the equipment was subsequently perfected by Lengevin (=) Kiloveky's theory
opened & new chapter in ultrasonic research and the object of this article is to dis-
cuss the work of Soviet scientists in this field. '

Serious theoretical, as well as practical, significance attaches to Sokolov's

discovery published in 1929 (3), according to which quartz mosale does nod vibrate
L
in the sAme way as a single quartz plate. Sokolov employed m

M Lengevin'e quartz-mosaic sound generator in his experiments. In essences

the Lengevin sound generator consists of quartz plates of identical thickness and L

ghape placed between two stesl plates. Since the speed of sound in quartz and steel
ig practically identical, the whole system vibrates as one plece of quartz with a /

thickness of 24+ d/. Sokolov found that» the surface vibration amplitude is widely

different at different pointse When verious points with identical amplitudes are

connected an arrangement is obtained represented in ]‘igure / It follows that

Jr e 7 oF wu//dmv
the sound space formed by & radiating head dees—not—pPossess & HONMUZENEOUS intensity,
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a fact which muet be taken into consideration in experiments.
Jeenel ppress or ve ) Jﬁ_fc,y&td
In meesuring the relative intensity of sound, & frequensy fieter

by Melov and R;hevkin in 1932 (4) represents another step forward in simplifying
this technique. The instrument consiste of & thin aluminum lever rotating on &

horizontal exls and i»;*uquipped.-njn.‘itnvlowen“pm with & small plate sensitive to

LI y
o N T PV L AN

sound vibrationS/\ The deflection of the lever, extending downward into the sound
space under examination, may be reed on & calibrated scales In 193’ Malov pointed

out (5) thet the energy distribution of ultrasonic samm's in liquids may be easily
roagemicler!) Y

determined, even for small intensities, by means of & resistance,\consiat"’fng of &
Gy [
S-centimeber long and 15 é\-thick fetmet irTon wirel In 1935 Sokolov recom-
RC)C/I(/
mended (6) that a properly ground Eﬁgﬁé(cry al, which ie 150 times more gensitive

ihan the”ciuartz indicators previously used, should be employed—as an uwitrasonic
receiver ¢ .
sound .indieetore
Szalay performed pioneering work in 1934 (7) in measuring the speed of ultre~
/av ;iITJJ
sonic sommi lectrolytes and the compressibility of electrolytes. His results
were confirmed and further developed by Pasinsky in a paper published in 1938 (8). -
in which Pasinsky showed that compress sibility depends only to & slight extent on

the ion redii, Perosorov arrived at e similar conclusion in 1940 (9).

J/fm t/,fﬁm
In measuring the &keo:aﬁ;i% of ultrasonic sound in 1iquide the intensity of

M
the sound wave is meaeured‘b.t several points of its path @ixectly or indix ectl@.
If the sound wave is not homogeneous, OT the source edmsomm shows even & slight
instability:in intensity, the measurement is mdependable. This uncertainty wae

avoided by Korolsw (10,11) by coupling the measurement with Toepler's simple v

SC/L/ &re s a ‘ﬁ'—;we/r a s Ol @
stiren method. The picture of the me:v-i-ng Wweve shows, in this method. ing

,é//c/{f?m « L Eh Jacred v S b 770 icredsing SR

ty ﬁfn—t}r@'ﬁmcﬁmf-—the.,.ma—mm—b&-bheti’nt ensi ty

at a given point. By neans—of phogometric methods, the observer iae—hr—&—flgeiftien
7t
4% measure the difference in intensity and the sound absorption coefficient between The.

two points. It is, of course, necessary to use as small sound intensities as possible,

{ dﬁrdcﬁ:
because sound intensity is proportionsde to the deflectiorof light only at small

: gound amplitudes.
§ seletions
& Sound absorption measurements in miwed—Heuide were made by Gurevich and

¥
Mikha}tlov (12—1’?), permitting important conclusions as to the structure of liquids,.

The measurements of emlsions and suspensions made by Vliadimirsky and Galani in -

1939 (18) solved the problem of sound absorption in & sound space in which the
suspended particles do not participate in the movement of the sound space. The

ex er:'ucc\//;_)
SEQMJ- absorption values deviated, however, considerably from the values calcu-
Y =72
@y <

lated on the basis of classical theory. The e@ir.i.eal values were a8lways greater

1 ' EEStilaiEd
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values .
than the/\mderived from theory. To clarify the problem, Gorodetgky per—
formed measurements and calculations in 1940 (19)., He found thet the dispersion
of ultrasonic sﬁé in WR 1iquide is the cause for the discrepancy bebween the
$wo valuess He even discovered & connectlon between the dispersion of ultrasonic
sounds and light.

The property of ultrasonic sounds to modulate light was used by Tumermen L/
and Simanovsky (2) to constr?ct a fluorometer capable of determining “ey===XBIl the

([/ar The cessiTion oF awy )<y‘\ RS T—— we h dgc,// e i s
time requirea\mfuminescen% phsmmn.ﬂ_/mhemoqﬁ:red—mmé‘m?i

A -—
be;.l.-'la“of the order of 10 sece The instrument operates as follows (FigureA):

Quartz Q, is -hdna;( to vibrate at frequency N, which modulates the light origineting

bt P
in source B in-the-welimimewn-menser-by & frequency W 2N, The liguid under exem=-

ination is in vessel ¥ and is illumineted by the modulated lighte - The luminescent
light rays become parallel after leaving lens Lq_aand subsequently pass through

quartz Qp whi kewise has a vibrating frequency N. The sound wave is then
ose My ler
microphotographed. Both quertz plates are fed from the seme generaior. PireTeEIT
/,uu ‘,\,/ ,""}" Jre /C Gy c‘J ?:: e Q/c"-G)’

two prevequisites—fon (determining the, time reguired—toringtie—tskl. First, the

fn ThRE oS el
sound wave is pho tographed on 'ehe partlroc'd‘ered photographic plate by means of

l\ﬁ}}lgf'_escent 1ight) Next, the other part of the plate is co-é-ered and, after sub=—

P '(.»7‘31 e g

stituting & mirror or white s-ha»&ewfor the fluorescent substance, mﬂ picture is

ocay
taken., The ’czme te—operate.. the-beti—required by the—fIudrescentTight may be cal-
Saunst DEey
culated from the displacement of the wave pi'o::bures on the two photogrephic plates
1y AKreean )

on- W-ﬁ the modulating freq_uenczee The seme authors also made use of the
light-modulating effect of ultrasonic ssunds to determine the speed of light in
various media,

In investigating the light-modulating effect of ultrasonic s%.'Karisimenov

pointed out in 1937 (21) that this phenomenon mey be utilized in television and

’4/:4uuun(@'f‘,u
instead of the Kerr cells. A great advantage of this provess in

comparison with the Kerr cells consists in the simplicity of the optical equipment

,L“‘,I\ cg/cu:nﬁ
and the gre&t—ghmkgbh-véﬁ-@ht. In contrast to the high tensien—ené power re=

//a/?‘&'agv;s Qe dw;,g_iiﬁ_‘ij
quired by the Kerr cells (100 watts), & mich lower temsion is sufficient (20 volts

and 0,08 - 0.2 watts). Another advantage is that the equipment may also De used

Sog bkt ence
for ultraviolet m&s, whereas the m‘orobenzd used fvr/:ch&rgiﬂg the Kerr cells is

.

not suitabdle for this purpose. The d,nsadvantags of the process is that it is suit-
able only for frequencies determined by the quartz which serves as sound sources

As early as 1929 (), in investigating the speed of ultrasonic sound in solids,
Y] SRR -~ L
Sokolov was—bthe first te point‘out that, since w the propagat&ion v
e ares, /baD/Wd
of ultrasonic smé. £k in substances containing cracks is much m than in homo=-
_b H 1 ”‘ ﬁ‘\ Ll 7
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geneous solids, wltrasonic :;gc{ could be employed for the examinatlon of in~
dustrial naterialse The problem deserved particular attention, since it wes
sheoretically shown that defects of the order of 16 could Dbe detected DY this
cousiacrdble '/‘*/7'0"“«:»7' over
methode This method represented & M X~-rays which
can detect & gefect only when it amounts to 1.5 = 2 percent of the thickness of
the material examined.
Sokolov puhlished the first results of his experiments in 1934 (22) end a8
early as 1935 he described & practical equipment suitavle for industry (23, 24)e
The aequipment operated on the following principle (Pigure ;l\): The sound source
consists of & quartz-mosaic plate placed between steel plates al and Wty The
.. gpper plate '8! is screwed into vessel "ct as covere The surface of wal is cov—
ored with & thin 1ayer of mércﬁry yhich is kept frow dripping down by skirt ndvy)
The sound is gransmitted BY the mercury to the material gt under investigatioz;;.
On the other side of the material under investigation, facing the sound source
a vessel with & plar;\/parallel bottonm is placvecl. containing oil or benzauat a
height of & few millimeters. The parallel 1ight rays emanating from source Wph fall on
the surface of the 1liguid at &an angle and are reflected upon & sCreehs Depending
on the intensity of the sound waves which penetrate the material under investigation,
1ight spots of aifferent structure appear on the screele ) From this so-called
sonogram,conclusione may then be drewn as to the interior homogenelty of the mé~
terial investigated. Larger pieces are pulled through Smennenx 1in 2 vessel
filled with oil & few centimeters under the surface while, at the seme btime,
ultrasonic waves are transmitted through tiem from belows When the surface is
i1luninated &s above, similar sonogrems are obtained.
The opticel procedure outlined in the foregoing serves, however, m;arely -
general informative purposese Exact location of the defect can be arrived at only
by an examination point by pointe Sokolov also worked out & piezSz‘Z;;ectric
ultrasonic indicator for this purpose with Wﬁ—oﬁmﬁ;‘;{%rystﬂ v
_menirtoned—aeVe. This instrument operates a8 followsd
The piezo-elactric crystal plate vegins 10 vibrate mechanieally when sound
waves having & frequency corresponding to its own fall upon it, As a resuld of the
mechanical deformation due %o piezulectric effect electric charges appear on the
surface. The algebraic sign of thesef{;lfctric charges changes periodicall -ccording

&2 A 'i'

to the sound frequencye It is pos;ible 4o indicate the alternating tonetkons LY various

Lo

——
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methods, Because the %;nvf% pﬁgviéed by the receiving crystal is proportionat®

to the amplitude produced by the sound wave, while the latter in turn is a function
of the sound intensity, the change in intensity caused by inhomogeneity in the
substance under investigation can be demonstrateds This plezo~electric effect
was used by Sokolov also in the ultrésonic microscope published in 1950, which
not only indicates inhomogenelty tut also locates it exmctly and permits it to
be photographed.

In essence, this procedure consists in covering the far side of the quartz
plate with a layer sensitlve to light, which is illuminated by ultraviolet rayse
Under the effect of the ultraviolet rays,photoelectrons 5;;Ei are é:é;é;lgd}rom

the plate, are subsequently accelerated by electric fields, and are ultimately

orojected through a magnetic and electric lens system on & scrv . Since the

ultrasonic field creates a plezéigzectrlc charge on the quartz plate in a distri-
tution corresponding to the object uvnder investigation, the resulting charges liverate
a larger or smaller number of electrons from the plate. Since, therefore, the
phot0521ectr1c emission corresponds to the plezéétiectric charge distribution
produced by the ultrasonic field, the plcture of the object investigated appears
magnified on the screen. (25)

The ultrasonic waves are transmitted in various substances at speeds character-

istic of the respective substances. Sokolov made use of this phenomenon in 1946 (28)
to usegngsu{ggggﬁjky ultfggg;zzaépeed for the investigation of chemical processesr)
el s for_tho-deberulnation of the mechanisyof-chemtrat-provesses, which ifirere
wa# impossible or very difficult to investigate by other methods. The papers pub~
1ished by Gorbachev (27) and Severny (28) made important contributions to the clari-
fication of the coagulating effect of ultrasonic wavess Our research group, for
example, was able, on the basis of these investigations, to regain the cement dust
escaping through the dust stacks of the Tatabanya Cement Works by acoustic methods.
(29)

Levehin and Rehevkin showed in 1937 (30) and Polotzky in 1938 (81) that the [/
1uminesceﬁ;f;henomena prod%%%ﬁlbylgiiiasonic waves can probably be explained by the
fact that ultrasonic waves create electric charges. The theory of the phenomena was
published by Fraenkel in 1949 (32) and was further developed by Natoson (33). They o/
distinguish two kinds of cavifffiggf namely, equilibrium and breakage cavitation.

The first is observed when the gas pressure of the liguid ii-fe&aégarslowly. :;giﬂjalm

BPherié’cavities ape—protticed. The second kind is produced by & quick change in

hES g i
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pressure &s, for example, under the effect of ultrasonic waves. It causes &
”@U

break in the liquid and«formation of 1enaz:haped cavitiess HElectric charges

are released only under the latter clrcumstancese In the light of these inves-

tigations SoloviXava.'e paper (34) may be u.nders‘oood. reporting that under the . «! B
vellin @ Ioem KL d 1w
effeet of an ltrasonic wave,of—-&@G—hos,\ferrosulphate golution is transformed

into ferrisulphates

This article led me to the thought of transforming potessium ferro-cyanide

into potassium ferri—cya;zide by oxydation by means of ultrasonic waves and to employ

? (A% v\"m(:h/(ﬂﬂ—
the resultant Twebwil blue color reaction to indicate ultrasonic wave intensity,

I performed my experiments with 800 and 1,600 kes. Although the process wes un~

suitable for the measurement of intensity, nevertheless it yielded interesting

b

results, Thus,-ﬁu’i;;a- on both frequencies I observed the formation of po-

tassium ferro-cyanide proportiona’ulz in-ameunt to the length of time of Hee ir-

{,1, ot Qo
radlatione At 1,600 kes it was also possible to show the presence of/\@mm&e

#mkit Byizeson acid, The latter phenomenon will be understood when consideration is
given to the fact that, as a result of cavitation, the oxygen is activated and that

in a dilute solution hydrogen perox)‘(de. nitrogen ox;'(de. and nitrogen dioxide are
o

ot
formeds The latter enterﬂmw—i-nterrfg\&a%on- with water and as & result nitrous acid

and ni(cric acid are formed, as was quantitatively shown by Polotzky in 1947 (35),
50’*&;}'\«1«,.- Zovmadion ol
"""" de~hpdrogen acid is obviously the result of the nitric scid,
Lnes
The fact that organic chemical compounds containing a benzo® ring lose thelr

property to absorb ultraviolet light is ascribed by Elpiner (36) to the cavitation
effect of ultrasonic waves. I observed similar results in the visible spectrum during
the investigation of dyes derived from benz?.n.&

The property \z)f\ul\t;rasonic waves to age wines and liqueur may likewise be ex~
plained by the»o:a:d%hgﬁ&fect of thess waves, &s shown by Protopopov!s patent pub-
lished in 193;237). According to this patent, irradiation during 2 - 30 minutes at /)
frequencies of 100 -~ 300 kes leads to an effect as 1f the alcoholic beverage had been
aged for several years. This thought was further developed by the Fuhrer-Tarnoczy-
Tari patent, which accomplished the same effect in all kinds of alcoholie products
during a few seconds.,

The em‘ulsio&-forming effect of ultrasonic waves - the practical application of
which was pointed out by Popov as early as 1936 (38) — g is likewise & product of

Thue e’ Gy .
the cavitation effect of these “f?ff_sd in spaee. In Popov's view the dispersion,

as well as stability, of margarine emulsions produced by ultrasonic waves is far

<6 >
}nﬁé "'m
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guperior WM by other methodse.

Digpersion of solids in 1iquids - first shown by R%hevkin and Oatrovalé'
in 19356 (39) - is aleo pased on the cavitation eifect of ultrasonic waves. The
1ead, zine, bismath, and sulphur particles dispersed by them were of the order of
16-6 centimeters They formed & true colloid golution ghowing & atrong T" all
offecte This method was purther developed BY Shesywlinsky and mumensky (40, 41)
and later by Tounasky and Maximove (42) for the production of & dilute suspension

h ren e
of indangfﬂu dyese

The dispersion effect of ultrasonlc waves was used by Seliakov (43, 44) %o
improve the effectiveness af ammonia and hydr dw:;.;atal 7?

Sokolov (45) was the first to call attention in 1935 to the fact that after
peing treated with wltrasonlc waves, alloys show & lower melting point #nd solidify
quicker, and, at the same time, become finer grained.

In general, the ultrasonic waves accelerate the process of crystallization.
ae shown by numerous Soviet authors, among others by Altberg (46), Belins%? (47),
and Berlagd (48). Kepustin's resulte (49) are of particularly great lmportance
in this fielde In this article he renders an account of ultrasonic effect on the
crystallization of organic substances. The crystals thus obtained were mach harder
than those obtained without jrradiation. He also showed that not only direct ir-
radiation but also the vivration of the walls of the vessel accelerate crystallizé~
tion and helps produce harder crystalse /

This effect, together with the knowledge of reopex};; led me to the agsumption
that the solidifaction of cement fawems could be accelerdted vy ultrasonic irradiation.
i have performed experiments along this line with frequencies of 6 gy? and 4 gé%
and obtained favorable resulls. A1l signs point to the fact that jower frequencies
may produce even better results which may then be utilized in industrye

The results enumerated in the foregoing represent, of course, only & small part
of Soviet ultrasonic research. 1 4id not mention, for example, the ultrasonic effect

on electric conductivity and numeroua other physical, physico—chemical, and

colloidrchemical investigations. My object was merely to pojnt out the main

x research fields which are connected with Hungarian ultrasonic researche A special
serological
article should be written on Soviet biologicalaﬁrn-iliiﬂiunt, and. other investi~

gations in the field of hygiene. Due to limitation of spece only two examples &re

given in the followlng.
Istomina and Ostrovsky (50) obtained by 5 minutesAirradiation 30 percent in=

crease in the germinating property and yield of potatoes, vhile Davidov (51) obtained

| : . k w/j :7 T
% . RESTRIRT
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GtL'CV
with 2 = 10 mirutes of 1rration a 45 percent increase in the yield of sugar beet

%
In other plants, ultresonic irradiation resulted in &&olchicirﬁ-like
pCacrve

effect, which was experieneed also by Perpaczy in 1948, Similer experiments are

seedss

being currently conducted by Professor paniel Feher at Soprons

Another interesting result has been published by Hlpiner (52). Vaccination by

ultrasonic

whooplng-cough virus m inactivated b}’/\irradiation ﬁ”w""‘“‘ﬂ

ensures immunity to the disease. A similar effect was observed by Garay and
oi§
Berenessik, nemely, cancerogeg\ matter loses its canceroger}\property after ultra=

sonic irradiation.
LL .JUI)I h‘/’w
4t is impossible to re erlaccount of Soviet ultrasoanic research within the

1imits of a short article. However, 1t may be seen from the foregoing thet the
) research
Soviets are leading in ultrasonic research, The Sokolov ultrasonicAbrigade

working in the R’hyeical Institute of the ﬁ Botvos Lorand University of

Sciences is engaged in utilizing these Sovliet experiences for the benefit of

Bungery's national economye
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